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THE THEORY AND PRACTICE OF SOLUTION FOR
FUzzY RELATIVE EQUATIONS IN MAX- pRODUCT
Cao Bfnjgb(an

Hunan Finance and Ewnomy Academy. Hunan. d‘lfﬂQ'

This paper studlies the existence in solution of Fuzzz relative ezua:h'ons n Maxe
Proo{uc‘t‘ and the theorem for maximum solution and minimum solition ; Then it
afves & short- circuit for solutlon. And at the same twme , with this relative
equations, it solves the influence factor for economical benefits in inter

Pr?ses of commerce, the result o)‘ which tallres with practice basfca,l[j,

KEUwords.- Max-~ proa‘uc‘l‘ Fuzztt relative e(lua.fg‘ons ¢ M-PFRE)) Finite J"ielo(

Influence factor, Maximum solution, Minimum solution, Matrixo-f candidate
solution.

[« Introduction
et U= {x, xa, o, Xp}, Vafy,, Yo =, Y }CP2mM, g=n) be finite ffelo(,
and Fuzzy relation AEFCUXV), XEF(U), BEF(V), then consider the
generalized Fuzay relative equations :

BoXe=28 q0p)
where 0” vepresents Max- product operation, that is operator (V.- ),
let B= Cbi, bs, » bn)T and

Q= [,Q..(.X-;”) A, (xz(.")) e A (Xa®)

T ? & »
how to solve X= (X., Xa, > Xm) 1 “T"represents transpose.

Cr2)

First of all) this paper studies the solutivn of (11D tlneoreticattj, then,bj
the application o-f practical examples, attains the a(egree j-acfor- n‘nfluenc“nj
economical benefits in enterprises Df commerce, which finds the Pmct«‘cq[

backjround )Car the application of eguatians cil).



185

I. The Solubikity of the M-PFRE and the
Theorem for the Maximum Solution
In order to discuss conveniently, let matrix element in ¢i2) be .
ﬁj (ij)-‘ﬂ- Qij. (i=1,2,v0; j=1,2, :+s, M)
Then, next step. we only discuss Fuzay relative equations Uike this.
Ay A2 - Aym xl L’
‘ ol I 1= (21)
Aui  Any Q. Xt ba

where the compound operation “0” in matrix be Max-product com.

POSLtaon’ ‘:.e l<3v‘.,n€4;j-xj)=bi c‘:-"-=|;2, ses, Yl)
by
— ;> b
Ceas . Lo A ] h .
bejantfton 2+ QR b.-" = { % Va;j,héfo-']. (22)
| A= by

where 4~' 3 an Ofemtar o(e)cined at £0,13. And (et

a 7 -
Kj:"—' AQEJ ol 'bl (J'=l,2, e, m)

t=|

(23)

then k= (K, K;, wv, Km) €X 15 the maximum element in X .
Preposition 2:1 b>c=>qq~' b>ad 'c
Proof.  a=b=pa=>c, fom@2),ad b= 2> $=aic.
asb=paa~'b=|, but aa~'c S 1, hence ad~' bad™c.
Inference- 21 aa*'(bVe)=aa™c.
proposition 2:2. a-Caa™'b)= anb; ad '(a-b)=b.
proof : |° a>b=>ad 'b= -§-=>a-caa"b;= b.
as b=qa'b=Iaa-cad"'br=a|=q.

So a-cad~'b)=aAb.
2’ When a>ab=>ad"'ca-b)=b; a<ab=aaa~'(ab)=|
So ao~'(a-b)Zzb

T"leorem 2.} There exists solution Xm= (X, Xa, >, Xom ¥ in Fuzzy relative
equations (2:1) 4if anol only it
2.
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Qij X sh (is n,J‘Sm, and for eachj there existsj; such that a;j;-—-bi i
Proo)c: S‘uﬁicier\63 shows. Now Let’s prove the necessi,tv.
If X= (Xy,Xs, = Xun] 13 the solution for ¢2:1), then
a:j'xiéb; CiSn, j<m) (2-4)
otherwise , if there existse.j, such that aij Xj>bj. then
CQiy XV V(g XYV V(Qim  Xm)>bj
Con‘l'YQOlfCﬁY‘ﬁ ! So (2:a) holds.
Al the saime time . fi.f there exists solution in (2-q), and aij‘X'< by
, J $mM), there must exist j; for each i<n  so that aij, Xy = b; (i< n)
Otlwerw«‘se ,
1° We have proved it impossible that 474 for each i there exists ji such
that aij: ><ji>b:.
2° 1 for each ) there existe i such that Qij X < bi, then
CQip X))V CQizX2) Vs VEQim Xm) < b
whichi's  a contradictory with the solution t €2.1) .
L. practical Q'DPlicad'(‘on, (2:0) probably has no solution, but small dteration
mouj be a(waﬂs 3(.\/8“ to A for g and B forj so that
Afex=8  or A-X=8
has an steao(y solution.
So ‘the J«'aaow.‘,‘j i a,l,wa,?s assumed to have solution n C211), 175 8 v (2i)
(s arranged n standardization, then
b/ zb, 7z =bn Cor b(Sb:=<-Sba)
For s‘wrﬂy. let b: stll stand -far b and COIJ‘) Tm' (aij') ccrrGS{aondt;tj[j,
Theorem 2-2. If there exists Solution R ¢ in21), then K s the maximum
solukion of .
]‘)roo]t : Becanse R=x QS then {1, aij >bi } = ¢ (isn, JS m ). Hence
when AeK=(b'; (S n), then
bi=.V Cay- (/\ cagd™ b))l = L}

¢ = |

Qi “Caga™'hi]

b .

]
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‘xgam,\,, E E€R, then:
= ./‘\' d_'b )..
KJ‘ =.Z (Q'Jo ;

A (g ”‘b)

M “ LX) T .
= L=| [aJO la\'JoO( (auo XJD)]
= Qg joot”™ Cacuo * Xjo ) =Xjo .

Hence xck -
Inference 2:2. If we have solution (n XoR =B, then k15 the maximum splutin of w.

proos- XeR= B&sRToX'=B "= XTc[(R)o™' 8T1= K and R k =BT
X< kTand KeR=28.

where OL7' reprents the comPround opcraﬂon Of ol
Se. the sclution introoluceo i this paper 3 suitable for the (nverse problem

of Mu(%ifac’c(‘on evaluation .

I. The Research -For Minimum Solution and Decision ](ar Solvab

Dejiniﬁon 3., S“{lpulate
a“ *2 a. _'b FJvaJ J—'b (%.‘)
¥ '_]B P= 0, others
t + make Cl.-}- Kj >b;, Then we

IJL KJ e odetined bj Defin‘.ﬂon 2., tt's 'vmpossrb
con ge’c a o(ej»«'ni‘("n'on e(iua( o Deffni‘Hon 3]

St Pufafe

Defina%(‘on 2.2,

. * . -1 a
0.0y Kj<b; (3-2)

De]L:‘nI'i‘x.on 2.3 Matlf'!'x At__ (a"j* Qs henzerv e{emen’c 1< the e(emgnf
of solution X, then we call A% matrix of candiolate solution 'n (2.1) ang{

the set of each row element i A’x s called row element set, which writes

*

s Sollows:
@a 'f* ail* + aLz*+ L, Qim (i<
A7=C x, X2 . ) tis=n)

Sstipulate operator:
P Prs
{ T I 3i=j

all mu(’c:pl;catfon 0)‘ sum, otherwise

Def;n;t:‘on 3-4.
P= (T3 ) (5=
Proposition 2. 0 ,g*‘éR*

4.
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WhereR*= an = Z(Fx‘) aﬂd r: (Sone Of K)

Praoi— From Defmx{‘u;n 3.4 ond b:’ ln.w of set oPe,m't'zon, it’s asy to obtam,
A &7 Z(T )
~ v X: .

&y

As Qi *—0 s omitted in the course oJ’- P oPem{-fon and also nonzerp-
repeated vemovable element Qi has to be vejected in the application of
absorptive law and so on, hence reserve Yy (3 one of K.

Theorem 31 Llet Rx®. R: *<R & wilnimum solution oj (2:0) when aj‘ls-.-.b;,
pmf: As R, then {j; Ajk=bi }* P, (jEm). Hence when
R .' = (by; J< m) we know the j‘-ollowmj from LQefinition 3.4,

bi =Y, (ay-r) <5 ¥V cay-K)=be (isn).

So E;*‘s the solution of (2:). that s a minimum solution . Oeryise
tj- we have another Ri C-v: there exists  (io, jo) such that ¥ <}'J‘ then

Yoy )= aﬂ.m Yo' < Qi 154

=Y, (Q;-1;)=b: (isn)
Contmo(«c{'orj Hence R; Is the minimum solution JLW(;, 1.

T'lneorem 32 R*xd&= . Each row of ,Q has at- least @ nonzery element.

Proof R#¢mau§$b‘(«\n)<m) And for each i there
exists ji such that ag, © Xj; =b: . Then,&: €R, so that Qy; - Kj,=b: (isn),

From pef;n."c(on 3.2 ,we know there exists at (east a nonzerv element i each
row oj- A%

‘=" If there exists at least a nonzerv element W each row oJ‘ A'*; we
might as weu let a8, =Kjo* 0, (iSN) while other 25 *= 0. From Oefinition -
32, for €ach i, Qij, Kjo=b:, A< b: (j3%jo)- Obviously, it satisfies the
Suﬁ»icieut condition n Theorem 2.|, Hence there exists solution n (24).

If Re¥cisn) s used, £ represerts minimum solution anol moximum
solution, then common solution of (2]) Vs

R=(YR*)UK=xXUK.
Obv‘coushj k(s unigue , but &* may not .
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v AFplfcat«‘on Examlo(e

practically. section 2 and 3 have 3(ven the sofutron wethordl for (1)
the calculation of which is 1o be exponded by example. .
The next tahle Shows the commodlity baugktfgsold by five stores in

the subwb of the c-‘tqf:

Xil Xxa X3 Xa | Xs ‘}:"'; ::: R,
¥ 1285 550 25 20 | 65 | ooa5s 0.036 990
Y2 oo 250 14 -0-3 91t 0.056 ~0.0032 262
s ¢80 40§ 7 to 82 0.042 0.025 aol
Ya Q12 86| 245 | 3| teé 0.049 -0.007] a8
75 660 267.5] 8 | o8 72 0. 054 0.002 378

Baj statistics, the evalution item s X for Purchase, Xz or sale, X3 for

expence, Xa for bene—jd's ( ten thousand o umt). Xg -Jtor j—uno( turnover

¢ Gne o(mj g unit), and the membershup Jtunc{'ton attained ih economical benefﬁrs

A

I‘S [2.%3 ‘fO“OWSf 0o 0<% < Kixa
R KX ko, K XLK X2
(k- K3)X;
(D (Ar(XJ:' \ Ko< X <KXz
ﬁ‘_:_K_‘_)Si KeXa g Xi S Xa X2
(=K, X3 AN
(o) KaX: < X«
{ R, < Xa
ar) AzCX¢)= X2~ R' R:&X;s R|
b R, ~ Rz
0o X< R
|
(my As(x)= V4000 (X3 hXe (2
-~ Xz Xz »
- X, 0, -.mz
(V) AdXq)= e (% ). xs €R
’A\-4("4)
t
(N)

x; € R*

) A

/?L ()
{
{

i

h%a

0 kK kX k{& KaXs %,
] A 2(%2)

}

!

'

'

i —_—
) Rl ) ,{a




-~
o
<

J\,A;S("5)
<
|
Xs-Th < 1
(V) Ar(Xs)=4 2 nSXsSna, Xs€[0.365] |
| -
0 N.< Xs < 365 0 = o =

Accom(l'nj + statistics matenal, Lt 1s proper b Select k=18, k=22, k=[5,
Ka=25, h=|, m=32, NF=§2, N:=88, Ra= 07 R (R, represerits the former

year's sales volumn). Now tt 1s Rnown that the evaluation b.,] experts

For five Stores n economical bene)fii's 5 as Follows :
% 22 > >a s o+

/@: (o782, 0378, 0-7, 02, 0-aq)
Neow ‘bﬁ—*j t determine inf(uencl}\j olearee of each $inja/ farjef o the whole econom-
ical benej‘?’t‘s.

N T

Lot influenciig factor be X= (%115, %0, xe.%5), arol veplace the olata -

the table anol parameter apove sePara‘felU i D)~ (V) then caleulote A,

Henre Fuw} refative e?uahbns corresloono/:;jj chh 15 as follaws:

6.6 { 6.3 ¢85 012 xi 6.782
6.3 0.54 5.22 4 X 10=6 6 [ K2 8.378
056 ! 0-78 061 077 | ol X351 =| 0.7
) 0.14 o.2a 23x (o7 o Xa 6.2
2.9 0.7 8.27 12 x 0 ° 0-38 X5 0-49
I” Make augmented matrix (A]B), and arranje i stanolardization .
0.6 | 0.93 .35 012 ] 0,782
0.5¢ ! °.78 061 77 | 6.7
2.499 0.7 0.27 mxlo_4 0.38 | 649
0.3 0.54 0.22 4-)(ro~£ 0 | 0.378
\'o 0.14 0-24 25&(0-7 6 1 0.2
2° Frowm (2:2) and ¢2.3), we obtain:
0.49 8.7 2.83 0.92 0.9 b
( t 0,232 ¢.84 0.92 i ! 0.782
Vol 0.7 6.9 | ogt | 0.7
L 43 o7 ! { Pl 047
Q7 A | | 0.378
i | * N "85\ ' { ’I U~23_
3° From (3:2), A s sbtained as j—o[(ows,
X X2 X3 e Xs
* 0 o ) 0.92 o
AA, =1 o 0.7 0 o 0.9
0.49 0.7 [+ 0 (-4
0 0-7 o 4 °
o o 0.8 ° 0
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From the decision ej- Tkeorem 34, there exists sa!uhon M the egua-hons

4* Calculate. “n Az *n A” N A4 0 AS
092 27 o‘h) (a4ﬂ*ﬂ)‘£.ogap 042 07 _oal o7 0.83
= Xq : )(2 As X Xz Xz T )(4 Xz ‘X-;) X2 X3
0.92 -7 ., °33
= xXq : Xz x3

So there exists minimum solution m refahive ez“aﬁ“‘% that s minimal sofution.

* 2 o T . ~ * .
R, =(0o, 07, 08, 092, 0) (here its maxivium Solution s :
T
k= (0.9, 0-7, 083, 092, 0.491) Then

-
Q = ([ O/ O'4q ]I 0‘7: 0'93) o'qzl E 01 O‘Q' ]) (4.‘)

Note : I:'f WYe cow\%e ac;vss Y: =YJ' when m the aF/){IcaﬁBn 0], absorpf&e law, we have
= YR =

=

From ca4>, the pmfv‘f z'n-j’—luences the economical bene]ﬁits most {qrjeI? m the
stores and the relative deqree 15 highest, and flexible room (3 very small . Sale
anol and expense correlates with economical benejﬁt\‘s c(oselj. Thougfn large
sale and fow expense Qre neeoled , ye‘r atterition must be paidl fo the suitable level
0F purchase and sale and 1o the approptiote rate of expense and profit . Purchase and
-funo( turnover can be separately Cfvanjeo( between C£0,0.497 anol Lo,0.91] freely.
L. fact, more sale, more profit, (‘f enlarge purchase, movfnj fund will be occuf,‘ea{
ano| —f«mol turnover will siow, which wil/ aﬁec{ sale . _54 expense 15 foo fow, kejulQh
purchase anel sale wirl be affecfeo{, then sale ofecregses aﬂo/,om]‘l‘f wil [ cat down.
Besides. it s ot nff?ceabl§ that purchase. and Jﬁunol tumovetr affect the store
th economical benefits, whick proves caleulatwn theoretically tallies wk practical
reja/an'é.

1f we take the unigue mfluence fac‘('or a mioldle point Of titeryal numbek tn

& 1) s eqs:l:} taken. Then we obtain R= {025, 0:7,0-83, 0.92, o. 45‘)

The M-PFRE % extcn::VEfc? aPPheO( I Fuzbj, LUﬂ(C, Operations Research,
ond also in expert system ano economical adminjstration and has oleeplv

Pmc‘hca’ backﬁrouno( and (;‘: 1S worth deepx] searchd "j in t!\eor3 and pradlce
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